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Types of motor actions j j 

I 

• There are three classes of movement: voluntary, reflexive and rhythmic 

i 

1) Voluntary movements are: 
a- C omplex actions - r eading , writin g, p laying pian o 
b- Purposeful, goal-oriented 
c- Learned - improve with practice 




2) Reflex movements are: 

a-Involuntary, rapid , s tereotype d - e.g. eye-blink, coughing, knee jerk 
b- Graded according to the eliciting stimulus 



3) Rhythmic motor patterns: _ i 

a- Combines voluntary ^-reflexive acts - e.g. chewin g, walking > 

b- Initiation & termination are voluntary 
c- Once initiated, they are r epetitive & reflexive — 

i 
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Motor nervous system 
Somatic division 

6 > 

• The motor nervous system perform three functions: 

1- Causes voluntary activity and in voluntary responses 



2- Adjust body posture to provide a background for movement 



3 - Coordinate the action of the muscles to make movements 



smooth and precise 
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Descending tracts 



Levels of Control of Motor System 
(motor system hierarchy) 



* The movements can be controlled at many 
levels of the central nervous system: 

(1) The spinal cor d 

(2) T Jte reticular substance of t he brain 
stem (me dulla, pons, and mid brai n) 

(3) The moto j-cortex- 

(4) Thebasa 

(5) The cerebellum 
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Motor System Hierarchy 
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aiming ^moothemng and 
coordmatine movements 
C3. Executing mov ements 
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Spinal cord 



Motor output to muscles 
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Organization of the Spinal Cord 
for Motor Functions 
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Organization of the Spinal Cord 
for Motor Functions (. . .continue) 




Motor root 



To t he muscle s 
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Organization of the Spinal Cord for Motor Functions (..continue) 



♦> Anterior motor neuron are large cells of two types: 

1) Alpha (a)motorneuron : give rise to large nerve fiber (Act) 
to the muscle. In the muscle it branc he s sever al ti mes '■to 
innervate from few to hundreds of muscle fibers (motor units) 
where t hey control muscle contraction 

2) Ga mma (y) motor neuro n: give rise to smaller nerve fiber (Ay) 
goes to muscle spindle to innervate special fibers (intrafusa l 
fibers ) that control muscle tone ~^ r? 

The anterior motor neurons receive input signals from different higher 
brain levels and from different levels of spinal cord and send them to the 
muscles therefore it is the common final pathway of motor system 









Organization of the Spinal Cord for Motor Functions (..continue) 



❖ I nterneuro ns L arge numb er, sma ll, highly excitable cells 

- R esponsible of the integrative function of the cor d 
(diverging, converging and repetitive discharge) 

❖ Renshow cells: - Inhibitory cells adjacent to motor neurons 

- Branches of motor n. axons synapse with them 



- When one motor neur on is f iring thes e cell inhibit s 
the surrounding motor neurons (l atere 






IO 



The Muscle receptors 
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Feedback information from the muscles to the spinal cord is 
provided by r eceptors in the muscle fibers ( muscle spindle) and 
muscle tendon f Golgi tendon organs ) 

Muscle spindle provides in formation about musckJgng llfand the 
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rate of changes in muscle length 



G> 



» Golgi tendon organs provide information about tension in the mu scle 
& 

and the rate of change in this tension 






• These receptors act at the subconscious level 
® Signals are send to different nervous system levels to finally control 
muscle c ontraction 



Th e muscle receptors: The muscle spindle 










S econdary intrafusal 
ending fibers 



The muscle spindle (continue) 
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he intrafusa l fibers are of mo types : nuclear ba g and nuclear chain fibe rs 
lassified accordm^to-Ae-arran gem en t of their nuclei _ 



Qfyuivfo h 
Dynamic y fiber 
(efferent) 



yw***- O 
-Static y fiber 
(efferent) 



Group la fiber 

Primary ending 



Group li fiber 

Secondary ending 







Nuclear bag fiber 
(intrafusal muscle) 



Nuclear chain fiber 
— (intrafusal muscie) 









- The sensory primary ending supply both fibers and seconedry ending supply only 
the nuclear chain fiber s 

The gamma motor fibers to the intrafusal fibers are of mo types: 

- “Gamma J3” fibers excite mainly nu clear bag fiber, enhance the dynamic response 

- “Gamma S" fibers excite mainly nuclear chain fiber, ^nhancethe^taticresptmsT 

J^oLu^i £ y. ~ a*-" 




The opposite response occurs when the muscles shorten 
(decrease rate of firing to subnormal levels) 









The muscle stretch reflex 



It is an involuntary reflex action that can occur even if the spinal 
cord i&Sfparated from the rest of the brain j 




Sensory nerve 



Motor nerve 



Monosynaptic reflex 



The muscle stretch reflex 



Muscle stretch reflex is the simplest reflex involve muscles^ndj pisal 
cord circuit it is a monosynaptic reflex 



• Whenever the muscle is stretched a reflex contraction occur in its nbers 

• Sudden stretch of the muscle to a new legth stimulates primary sensory 
endings in the muscle spindle, fibers inter the spinal cord through dorsal 
root to the anterior horn, synapse with a a nd y motor neuron 



a Motor neurons stimulate muscle contraction to QpposeJhe_strgtch 
( d vnamk-respoiise ) — 

The dynamic response fade up very rapid, then followed by the static 
response to hold the muscle at the newJ length for the required time 

When the muscle change into new length the process repeated 
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The Gamma motor neuron 



• Supply the intrafusal muscle fibers 

• Whenever the a motor neuron is stimulated, 
the y neuron is stimulated too ( co-activation ) 

• y neuron is controlled also by higher 



brain centers 







• This causes the both extrafusal and intrafusal 
muscles to contract almost at the same time 



• This is important for: 

keeps the spindle length from shortening during 
the whole muscle contraction to avoid 
opposing jnuscle contraction) 
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The importance of muscle stretch reflex 






* Experiments showed that the d ynamic and s tatic responses of 
the spindle function in signal averagin g called Damping 
function to prevent j erkinessjafumiscl^^ nn 



• Genesis of muscle tone 



Production of heat 



• Adjust musc le contract ion to the load^ 
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- Golgi tendon organs located 
in the muscle tend on in connection 
with muscle fibers termination 
-They have both static a nd 
d ynamic respons e 
-They detect muscle tension an d the change in muscle tension so 
provide the nervous system with continuous information on the 
degree of tension in ea ch segment of each muscle 



Figur* 13. IF 
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The muscle receptors: Golgi tendon organs 
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Clinical application of stretch reflex 



Testing deep tendon reflexes 
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The muscle receptors: Golgi tendon organs 
















The reflex from Golgi 
tendon organs is called the 

invers e stretch re flex 

it occurs side by side with 
the muscle stretch reflex 






Golgi tendon organs stimulation cause inhibitory response ( protective response) 
Whenever the muscle excessively stretched, tension is proportionally raised \ 
Tendon organs send signals to relax the muscle to prevent muscle damage 
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Function of the Muscle Spindles and 
Golgi Tendon Organs in Conjunction 
with Higher Levels of the Brain for 
more complex reflexes 
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• Signals from muscle spindle and Glogi tedon organs are usually 
send to different le vels of spinal cord as well as to the higher 
brain centers (brain stem, cerebellum, cortex) 



• Signals from higher centers i ntegrated in the spin al cord and 
give more complex reflexes to control movements 

1 - Flexor ( Wit hdrawal) reflex es 

\ 2- extent- reflex 

/ 3- R eflexes of posture and locomot ion 

/ 4- M uscle spasm 

5- Au tonomic reflex es 

J-Lill jSj* 
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1- Flexor and withdrawal reflexes 



Cutaneous sensory stimulus like jpain or touch fro m a limb 
cause the flexor muscles of the limb to contract, withdrawing 



the limb from the s timulating objec t. 
This is called the flexor reflex 
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® When the reflex is not confined to flexor muscles of a limb, but 



oth er par tsof the body also move away from a strong stimulus , this 
is called withdrawn l reflexes 
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Reciprocal inhibition 



inhiifcMtocf 



Polysynaptic reflex 



FLEXOR 

REFLEX 



Neuronal Mechanism of the Flexor Reflex 



Flexor and withdrawal reflexes(continue..) 

• To illicit flexor reflex the sensory neuron do not synapse directly to the 
anterior motor neurons but pass first into the spinal cord pool jof 
intemeurons then secondarily to the motor neurons. 

• The interneuron pools involve: 

(1) Diver gin g circuits to spread the reflex to the necessar y muscles for 

(2) Reciprocal inhibition circuits to inhibit the a ntagoni st muscles 

(3) Circuits to cause after-discharge lasting many fractions of a second 
a fter the stimulus is over fthe durat ion of after discharge is 
proportional to the in tensity of the stimulus) 

• The flexor and withdrawal reflexes are polysynaptic reflexes 
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2- Crossed Extensor Reflex 



® The stimulus that elicits a flexor 
reflex in one limb, cause the 
opposite limb to extend after 

0 . 2 - 04 - sec. 

* Signals from sensory nerves 
cross to the opposite side of the 
cord to excite extensor muscles 

• The reflex continue for few 
seconds due to mftei idiseharge to 
hold the limb away from the pai n 
source 



• Which type of circuits are 
involved in this reflex?? 

diiMtfaCiiMlt i 
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3- Reflexes of Posture and Locomotion 

In a spinal animal: 

The spinal cord is transected so that all the signals from the h igher br ain 
levels are lost. In this animal the cord reflexes are released 
The resulting reflexes involves a complex neuronal c ircuits-eTthe cord 

a- Positive Supportive Reaction fmagnet reaction!: 

• Pressure on the foot pad of one limb extend that limb against pressure 

• I.imh- ^xtension o ccurs inJj^directlon- 
of pressu m-fo supportthe limb and 
prevent animal fall to that side 



b- Cord “Righting” Reflexes: 

® Animals laid on their side make 
incoordinate movements trying to return 

JxCZjI jS_y» 




to right position 
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3- Reflexes of Posture and Locomotion 



L_ 



c- Stepping and Walking Movements: 






- Rhythmical stepping of a single limb: 

When a limb is stimulated; forward flexion of that limb is followed 
a second or so later by back ward extensi on occurs in cyclic form. 

This results from oscillation in the circuits that control agonist and 
antagonist muscles v*****^ 

V 

- Reciprocal stepping of opposite iimbs:^ 

Every time stepping forward occurs in one limb, the opposite limb 

moves backward. This effect results from r eciprocal innervatio n 
between the two limbs- 
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1 3- Reflexes of Posture and Locomotion (continue..) 
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Diagonal stepping of all four limbs: when the stimulus is applied unequally 
to the limbs of hanged anima l, the four limbs make stepp ing movements . 

In this case the reciprocal innen'atio ^&kcui ts involves the whole cord up and 
down ' — "" ’ ~~~ — 



- Galloping reflex: both forelimbs move backward and hind limbs move 
forward at the same time (result from si multaneous stimulation of limbs on 
both side of the body) like striking the limbs on the ground 



The circuits responsible for w^kingjxLOverQents even after spinal cord is 
transected are intrinsic circuits m the spinal cord called Locomotion 
ge nerator circuits 

There are two locomotion pattern generators in the spinal cord: one in the 
ce rvical region and one in th e lumbar region. There work depend on reciprocal 



area in the midbrain 

! 



i nhjbition j^et^ and antagonist muscles 

Normally these circuits Turned on by tonic discharge of 
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4- Spinal reflexes causing muscle spasm: 

- Musclg_spasm around bro ken bone 

— — — -■ — ' ~ ^ 

- A bdom inal muscle spasm in peritonitis 

— “ ol 

5- Autonomic reflexes in the spinal cord: 

- Changes in vascular tone resulting from change in local skin heat 

- GIT reflexes 

- Mass reflex: excitation of large portions or all the cord e.g. due to 
severe pain resulting in: 

1- a major portion of skeletal muscles develops strong flexor spasm 
j 2- The ccion and bladder are evacuate 

3- The arterial pressure often rises to maximal values 

4- Profuse sweating 

i 
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Spinal Shock 

F.esults from sudden transection of the spinal cord in the upper neck 

At first, depresses all cord functions, including the cord reflexes, this is 
called state of spinal shock 

This occurs because all signals from the higher centers that control the 
spinal cord are cut 

After a few hours to a few weeks, the spinal neurons gradually regain their 
excitability ( sometimes hypo and some other times become hyper excitable) 

During spinal shock: 

1- The arterial blood pressure falls but returns to normal within-e few days 

2- All skeletal muscle reflexes integrated in the spinal cord are blocked. 
Then they return back starting with the simplest to the more complex one 

3- The sacral reflexes for bladder ancfcolon evacuation are suppressed in 
the first few weeks after cord but in most cases they return 
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Physiology of the nervous systejvi 



The Motor nervous system 

0 °^ 

2) Cortical Control of 
Motor Function 
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motor cortex 



o The functional motor area of the cerebral cortex locate d 
anterior to the central sulcus. 



The motor cortex is divided into three subare as, each has its 
own topographical representation of muscle groups and 
specific motor functions: 

(1) The primary motor cortex (area 4). 

(2) Th e premotor are a 

(3) The supplementary motor area 



(area 6) 
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The primary motor cortex (area 4) 



o Located just anterior to the central sulcus (precentral gyrus) 
o Body parts are represented upside down 

% 

o Upper part of the face is represented bilaterally 



o Areas representing body parts on the motor cor tex i s proportional 
to the 



Therefore the hands and face muscles (especially muscles of 
speech) are represented by larger areas than the rest of the body 



o Each cortical area controls muscles on the opposite side of the 5 
body ; 



The primary motor cortex (area 4) 

. 



% 

o Excitation of primary motor area causes direct and discrete “ 
muscle contraction 

o But in the areas that represent the highly skillful parts; 
excitation of a single motor neuron excite specific movement 
(group of muscles) rather than one specific muscle 

6 



The premotor and supplementary motor cortex (area 6) 

Nerve signals from these areas cause much more complex patterns 
of movement rather than discrete muscle contraction 
These areas work together in: 

1- Cortical programming of motor activity: translate the image and 
knowledge of the required movement into sequence of motor ^ 
commands to perform the movement 

2- Transmit signals from other areas of the cortex and basal 
ganglia to primary motor cortex 

j 

3- Their stimulation cause fixation movements of the different 
body parts and coordinate the movements of the head and eyes 

o These actions provide background for the finer movements of the 
arms and hands 







The Premotor Area 

SiS*. V'A r ' ■ . /y"* lF~ f 



• The topographical organization of the premotor cortex is roughly 
the same as that of the primary motor cortex 

\ 

£ 

•In addition to other functions, this area stores the memories of 
learned motor actions 

•Lesions in this area leads to: 

1- Motor apraxia (inability to do the action without paralysis) 

2- Reappearance of grasp reflex (normal in infants) 

8 
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The Supplementary Motor Area 

o In addition to the other functions : stimulating this area causes 
bilateral contractions ; so it is important for bimanual 

l 

coordination y 

(e.g bilateral grasping movements of both hands simultaneously) 

o Lesion in this area leads to loss of bimanual coordination 

# 

o This area is important specially for orientation of body in space 




Specialized areas of motor control in the human cortex 

Laying within the premotor and 
suplementary areas: 

1) Broca’s area 

-Is the “word formation” area 
-This area controls the muscles of 
articulation (lips, tongue, jaws. . .) 

2) Voluntary Eye Movement area: 

- Controls eye movements towards 

3) Head Rotation Area: 

- Control head rotation towards an object in association with 
eye movement 

4) Area for Hand Skills: controls fine hand movements 




an object 
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o The motor cortex shows a phenomenon called plasticity 

o Plasticity is the change in the size of the brain area that 
represent the body part according to learning and practice 

o For example, the finger areas of the motor cortex enlarge as a 
pattern of rapid finger movement is learned 

o This change is detectable at 1 week and maximal at 4 weeks. 

o Thus, the maps of the motor cortex are not absolute, and they 
change with experience. 



o Signal transmission involves two pathways 

o Direct pathway from motor cortex to muscle through pyramidal 

$ 

tracts (cortico-spinal tract) 



n 





o Indirect pathway to muscles through extra pyramidal tracts; 

multiple accessory tracts that involve the basal ganglia, 
cerebellum, and various nuclei of the brain stem 
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Extrapyramidal tracts 



Motor cortex 



Voluntary movements 
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The cortico-spinal tracts (pyramidal tracts) 
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- Posterior limb of internal 
capsule 



- Genu of corpus callosum 



■ Basis pedunculi of 
mesencephalon 



Longitudinal fascicles 
of pons 



- Pyramid of medulla 
oblongata 



• Lateral corticospinal tract 

• Ventral corticospinal tract 



i 
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ePyramidal or corticospjpgaJLt rac ts 




. 

The cortico-spinal tracts (pyramidal tracts) 



o 30% of the fibers are from the primary motor cortex, 30% from the 
premotor and supplementary motor areas, and 40% from the 
somatosensory areas 

Sa 

o Fibers collected in internal capsule and descend through brain stem 

o The majority of fibers cross into the opposite side in lower medulla 
forming the lateral corticospinal tracts 

o The rest of fibers descend in the same side forming ventral 
corticospinal tract 

o Most of the fibers terminate on the intemeurons of the cord and 

"x few on the anterior motor neuron directly 15 



The cortico-spinal tracts (continue..) 



o Lateral tracts mainly controls skilled movements of distal limb 
muscles 

4 

o Ventral tracts involved in control of bilateral postural J 

movements (axial and proximal muscles) 
o In addition fibers from the cortex synapse in the nuclei of the 
cranial nerves of brain stem then form the corticobulbar tracts 
(Trigeminal, facial and hypoglossal cranial nerves) 

Their axons pass the same pathway as corticospinal tracts into 
face muscles 16 




The extra-pyramidal system 

o All tracts other than the corticospinal is called extrapyramidal tracts 

o These fibers in these tracts come from motor cortex and branch ii|to 
several areas before descending into spinal cord forming the extrk 
pyramidal tracts. 



o The most important tracts are descending from : 

1- Mid brain (Rubrospinal and Tectospinal tracts) 

2- Pons and medulla reticular formation (Reticulospinal tracts) 

3- Vestibular nucleus in brain stem (vestibulospinal tract) 

5- Fibers from nuclei of basal ganglia 17 



The lateral and medial (ventral)motor systems 



The descending tracts classified into 
lateral and medial (ventral) systems: 

The lateral corticospinal and 
rubrospinal tracts together form the 
lateral motor system of the cord for 
control of distal limb muscles for 
skilled movements 

The ventral corticospinal tract and 
the other extrapyramidal tracts form 
the medial motor system that control 
the axial and proximal limb muscle 
concerned with posture and gross 
movements 





Upper and Lower Motor Neurons 



o Upper motor neurons (UMN) refer to neurons of the cortex and 
brain stem that activate the spinal cord neurons 



l 



o Lower motor neurons (LMN) are the anterior motor neurons of 
the spinal cord and cranial nerves (the final common pathway) 
and their axons to the muscles 



o Upper motor neurons controls the activity of lower motor 
neurons by either exciting or inhibiting their activity 
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o Lesions in UMN include lesions in the cortex or other structures 
from witch descending tracts are come 

\ 

(any level above the anterior motor neurons of spinal cord) 



^ - . . ^ 

o Lesions in LMN include lesions in anterior motor neurons or 
their axons to the muscles) „ , . , ..jL^vu 

e.g. poliomyelitis 20 
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Upper and Lower Motor lesions 





UMN lesion 


LMN lesion 


Paralysis 


Involve movement of 
limbs or half body 


Involve muscles 
innervated by single nerve 


Muscle tone 


Hyper-tonia 

(Spasticity) 


Hypo-tonia Jc 

(Flaccidity) — ^ * 


Muscle stretch reflexes 
(deep tendon reflexes) 


Hyper-reflexia 


^ 

Hypo-reflexia 


Muscle wasting 


Only slight or none 


Sever 


Babinski’s sign 


Positive 

(normal in infants) 


Negative 









In upper motor neuron lesion, the orders to the anterior motor neurons are 
cut. So they are released from the effect of higher centers inhibitory of * 1 
excitatory signal 
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Decortication and Decerebration 





o Removal of the cerebral cortex produces decorticate rigidity 
which is characterized by flexion of the upper extremities at the 
elbow and extensor hyperactivity in the lower extremities 

o Decorticate rigidity is seen on the hemiplegic side in humans { 
after hemorrhages or thromboses in the internal capsule. 
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> Decerebration means transection of the brainstem at the 
superior border of the pons. Means removing the mid brain 
and above structures 



l 

> Decerebration results in decerebrate rigidity develops as a ^ 
result of diffuse facilitation of stretch reflexes by signals from 




o According to what we studied, think about the following: 

o A patient has the following problems: 

1- Paralysis of right upper and lower limbs v/ 

2 - The paralyzed limbs are hypertonici^ 

3 - The reflexes are exaggerated 

4 - The mouth is deviated to left side $ 

1- Is the lesion in IJMN or LMN? 

2- Explain the mechanism of these signs 

3- Do you think the lesion in left or right side of motor system 




Physiology of the Nervous System 

The Motor Nervous System 

3) Brain Stem Control of Motor 
Function and the Vestibualr System 
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The Brain Stem 

• Composed of the midbrain f mesencephalon) 
pons and medulla 

• It contains motor and sensory nucl ei that 

motor and sensory functions for 

€> 

the face and head regions 

• Motor control functions: 

1 . Control of post ure and equilibrium 

2. C ontrol of eye movement s 

3. Control of many s tereotyped movements of the body 

4. It is a way station for commands from higher center s 

5. Contains control centers of fo r CVS, respirator y and GJ 
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Brainstem 
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The Brain Stem nuclei and tracts 




Soy«-e*:»*TMt 8»rmanSM, BoitanaS, 8r«okiHr Cono*?* >*ia*rr of --Woo 
23 httpv'/wvyw.actifnfdtcw.com 






Tectum 



Medial 

reticular 

formation 



Tcictospirv*! 

tract 



Reticulospinal 

tract 



A {vleasai brain stem pathways 

l._A 



Lateral and medial 
vestitsuiar nuclei 



Vestibulospinal 

tracts 




;ourc« Bwr«»t KE. Barman SM. B odjoa S. Brook \ H (Sanon^': 4r»*«w c'f <<* ^nrrjoiopy 
if “ fextw. ht>B:/Aww.Kt«Mm«<icw.t>m 



3 Lateral hrarn stem pathways; 



Rubrospinal 

tract 



Red nucleus 
f ntagnoceih jiar oar 0 




i^/ 



f* 

& 



w*w> 



There are many nucle i and descending trac ts from the brain stem. 
The most important for motor consol of posture and equilibrium 

y 

are: 

1- The red nucleus of mid brain that form rub r ospinal tract 

2- The reticular nuclei of the pons that form the pon tine 
reticulospinal tracts 

3 - The vestibular nuclei of the pon s that form vestibulospinal tracts 

>\ ' “ — — 
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4-The reticular nuclei of the medulla that form the medullary 

A / * — — 

reticulospinal tracts wf 
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Support of the body against gravity 






• Body support against gravity involve the axial muscles an d 
extensor muscles of the limbs_- 

A o • 

• Body support against gravity is the r ole of ret icular nuclei of the 

brainstem: **dJ*+- 

-The pontinereticular nuclei excite the antigravity muscles 
-The medullary reticular nuclei relax the antigravity muscles 

• The reticular nuclei cnunterbalancet he^efCectofeach other 

• The excitatory and inhibitory reticula mudci is controlled by 
motor signals from the cerebral corte x and other higher areas 









Support of the body against gravity: 

Role of pontine and medullary reticular nuclei 
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Support of the body against gravity: 

Role of pontine and medullary reticular nuclei 



• The antagonization between medullary and pontine reticula r 

nuclei prevent powerful ove r-excitation of antigravity muscl es 
throughout the body by counterbalancin g the action of pontine 
nuclei " ' 

# 

• If standing is wished, the medullary nuclei is inhibited by higher 
centers so the pontine nuclei is excited and extend the antigravity 
muscles 

• Remember the overextension in decerebrate animals? Try to 
explain it using the functions of reticular nuclei 
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Vestibular Apparatus 
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Ductus encJoIymphaticus 
MEMBRANOUS LABYRINTH 






Vestibular apparatus is located in the bony labyrinth of the temporal bone. 

The functional part of vestibular apparatus is called “the membranous 
labyrinth” of the inner ear o^^- 

It is composed mainly of the cochlea ; three semicircular canals; and two large 
chambers, the utricle and saccule. 

The cochlea is concerned with hearing, while the semicircular canals, the 

utricle, and the saccule are all integral parts of the equilibrium mechanism. 

^ ^ __ ^ ______ ^ ^ ^ 




The sensory organ inside the utricle and saccule is the “macuk^” 

The macula of the utricle lies in horizontal plane , while the macula of the 
saccule lies in verticaLpIane 

Each macula is covered by a gelatinous layer in which small calcium carbonate 
crystals called statoconia a re embedded 

Thousands of hair cells in the macula project their cilia up into the gelatinous 
layer and synapse from other side with sensory endings of the yestibular^ nerye. 



The crista ampullaris 

% 

(Sensory organs of the semicircular canals) 






- The sensory organ inside the semicircular canals are the crista ampullaris 

JOMUW 1' ■' MMn>; „ ^ :> 

- On the top of the crista are gelatinous material called the cupula into which 

the cilia of the hair cells are projected *===* 

- The hair cells are connected with the vestibular nerve fibers 

- The semicircular ducts contain a fluid called endo lymph J- 

- ■' ** t • 

- The three semicricular canals (the anterior, poster ior and lateral or horizontal) 

are arranged at right angles to one another so that they representall three 
planes in space 



I 



— — 



: 






— 



; r.% 



How the hair cells function 



■ 



• Each hair cell has 5 0-70 small cilia called stereocilia 
and one large cilium called kinocilium 

• Kinocilium is at one side, and the stereocilia become 
progressively shorter toward the other side. 

• Minute filaments c onne ct the tips of each stereocilium 
to the next one and finally to the kinoc ilium. 

• At the bases of the cilia there is hundreds of fluid 
c hanne ls that are able to co nduct positive ions, 

• When cilia bend in the direction of the kinocilium , these channels open 
causing inward flow of positiv e ion s and cel l membrane depolarization 

• When cilia bend in the opposite direction the channels close causing cell 
membrane hyper p olarizatio n 

• Hair cell send signals at static rate that increased during depolarization and 

decrease during hyperpolarization ,, 13 
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Major functions of the vestibular system 



• The function of the u^ide and saccul e: 

- Detection of head orientation in space (bending the head) 

- E)etection of linear acceleration _ 

• The functions of semicircular canals: 

- Detection of head rotation (angular acceleration) 

- Prediction of dysequilibrium 

• In addition : 

- The vestibular system stabilize the eyes to fix the image 
on the retina during head rotation (control eye gaze) 









Detection of head orientation by the maculae of utricle and 
saccule : (static equilibrium) 



• When the head bends in one direction, the heavy statoconia in the 
gelatinous material move in that direction following the pull of 
gravity 



• This cause bending of the hair cells and change in signal 
transmission to the vestibular nerve fibers 

• The signals from different hair cells apprise the brain about the 
head orientation in space 

• The maculae detect head bending in forward, backward and side 
way directions 



Detection of Linear Acceleration by the 
Maculae of Utricle and Saccule 



• When the body suddenly accelerates forward, the statoconia fall 
backward with the hair cell cilia due to inertia. 

Signal transmission increase giving a feeling of dysequilibrium (falling 
backward) 

• This automatically causes the person to lean forward until the 
statoconia is shifted anteriorly exactly equals the backward fall and 
signals decrease back to normal 

• At this point, the nervous system senses a state of proper equilibrium 
and no farther forward leaning occur 

• When the person achieve constant running speed, signals return to 
normal and no dysequilibrium are felt 

• Signaling occurs only at initial acceleration or at stopping 
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